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In the backdrop of successful 
Chandrayaan-1 mission, Planetary 
Sciences and Exploration related 
activities have gained momentum in 
the country. In this perspective, 
issue discusses _ the 

obtained from Mini SAR 
(suggesting required alterations in 
Chandrayaan-2 radar), update on LIBS, being designed to 
carry out rover based in-situ study of lunar rocks and a 
précis on the Mars Brain Storming Session (MBSS) 
recently organized by PLANEX at PRL, to instigate a 
channelized thought process towards the realization of an 


oS 

4 
deal» 
current 

inferences onboard 


Chandrayaan- 1 


Indian Mars Mission in the near future. 


Enriching this edition further are interesting articles on 
study of meteorites and micrometeorites to understand 
the stellar interiors and early solar system processes. The 
mission story column talks about the ongoing DAWN 
mission of NASA, which recently spotted ‘Vesta’, the 
deemed parent body for most of the basaltic meteorites in 


our repository. The mission is expected to provide many 


more exciting results and validate our current 


understanding about primitive solar system bodies. 


The regular features mention interesting developments 
and opportunities in the field of planetary sciences and 
exploration. The concluding page pays tribute to ‘Bharat 
Ratna’ Sir C.V. Raman whose findings are expected to 
escalate in-situ planetary explorations in future. 


We have been receiving your encouragement and 
suggestions in the form of your reviews, which we are 
trying to implement for the betterment of the magazine. 
more of your 


Looking forward towards 


contributions 


Neeraj Srivastava 


Editor 
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“..It was a nice effort. I would suggest to highlight the 
planetary research being carried out at universities and 
other academic institutions in the country. Also It would 
be useful to include recent updates and developments of 
the planned missions of ISRO...’ 


- Dr. George Joseph 
Honorary Distinguished Professor, 
Space Application Centre (SAC), Ahmedabad. 


*... specifically like article on Titan and Mission story 
on Stardust Next, being widely informative and 
interesting. Keep writing such articles which can create 
interest in people who are not closely associated with 
planetary sciences...’ 

- Mr. Shreyas Vichare 
Student, Earth Sicences Deptt., 
Indian Institute of Technology, Mumbai. 


‘...The newsletter is very informative and well organized. 
It would be nice if a hard copy can also be provided for 
ease of reading and repository purpose...’ 


- Dr. Prakash Chauhan, 
Head, Planetary & GeoSciences Group, 
Space Applications Centre (SAC), Ahmedabad. 


‘...1 am impressed with the contents and get up of your e- 
magazine. I would suggest you to include, if possible, the 
results of studies on analogues of planetary and 
terrestrial materials, and also to provide some 
information about interesting papers on _ planetary 
sciences...’ 


- Dr. S. Sensarma, 
Assoc. Professor, Centre of Advanced Study in Geology 
University of Lucknow, Lucknow. 


“...lechnical articles were presented lucidly inspiring the 
curious students and teachers of any field. Introducing 
stalwarts on the back cover is a good idea of paying 
tribute. The article “Thirst for Water on Moon” is like 
cool water comforting our thirsty curiosity...’ 


- Dr. P. Appala Naidu, 
Professor & Principal, NOVA Inst. of Tech., ELURU 


“..The idea of the publishing PLANEX e-newsletter is a 
good one to put the information at one place, which is of 
immense help for people interested in such type of 
research activities. The issues were thoughtful and 
informative. My Congratulations to you and your team 
for all the efforts in bringing out the e-magazine. Keep it 
up!...’ 7 
- Mr. Anil D. Shukla, 
Geo-Sci. Dvn., Physical Research Laboratory, Ahmedabad. 
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New mineral — KROTITE discovered: One of the 
earliest minerals produced in our Solar- System 


A new mineral named 
“KROTITE” has been 
spotted in a_ refractory 
inclusion embedded inside a 
carbonaceous chondrite - 
NWA 1934 (found in 
northwest Africa). The main 
component of CAI grain is a 
low pressure polymorph of 
CaAl,O, which was never 
found in nature before. 


The grain in which mineral 
KROTITE was spotted. It is 
termed as “Cracked Egg” 
due to its appearance. 


Source :http://www.sciencedaily.com/releases/2011/05/110506 
165310.htm 


Magma Ocean under Io Revealed 


A new petrology and mineral physics based approach to 
understand the Galileo’s magnetic field data of Jupiter’s 
moon Io has revealed the possibility of presence of 
subsurface ocean of molten / partially molten ultra mafic 
rock lherzolite, an igneous rock rich in magnesium and 
iron silicates. The depth of the magma ocean column is 
expected to be more than 50 kilometers and the 
temperature of the magma ocean may exceed 1,200 °C. 
The discovery provides the first direct proof of this kind 
and explains why Io is the most volcanically active object 
in the solar system. It is far more active than Earth and 
produces about 100 times more lava than all the 
volcanoes present on Earth. 


Source: http://www.physorg.com/news/2011-05-galileo- 
spacecraft-reveals-magma-ocean.html 


Fastest Super Computer in the Country built by ISRO 


A GPU based _ super 
computer "SAGA-220" in 
terms of theoritical peak 
performance has been fully 
designed and built in-house 
by Vikram Sarabhai Space 
Centre using CoTS 


hardware and open access 
softwares. SAGA-220 
stands for “Supercomputer for Aerospace with GPU 
Architecture-220 TeraFLOPS”. This facility called as 
Satish Dhawan supercomputing facility is housed at 
VSSC, and would be used by space scientists to solve 
complicated aerospace related problems. 


SAGA-220 


Source:http://www.isro.gov.in/pressrelease/scripts/pressreleas 
ein.aspx?May02_2011 
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Massive annual Saturn’s storm examined by Cassini 
mission 


The Saturn’s atmos- 
phere normally remains 
peaceful and quiet but 
about once a year (~ 30 
Earth years) as the 
spring approaches 
northern hemisphere a 
mechanism stirs the 
clouds deep, ensuing a 
striking planet wide 
disturbance resulting in 
flare-up of massive, 
violent and composite 
intense cloud matter. Since 1876, a total of 6 such storms 
have been detected. The recent of them has been detected 
and studied by Cassini spacecraft of NASA orbiting 
Saturn using Radio and Plasma Wave System (RPWS) 
onboard. Amateur astronomers also observed the event in 
Dec. 2010. Detailed studies are in progress using Very 
Large Telescope (VLT) of European Southern 
Observatory (ESO) and Cassini Mission, to further our 
understanding about the mechanism involved and the 
effect of these storms on the atmosphere of Saturn. 


Source :http://www.sciencedaily.com/releases/2011/05/110519 
141617.htm 


Thermal infrared images of 
Saturn from the VISIR instrument 
on ESO's VLT (center and right) 
and an amateur visible-light 


image (left) 


A new Class “Orphan Planets” discovered in Milky 
Way 


A 2006-2007 joint Japan-New Zealand scan of the Milky 
Way has spotted ~ 10 free-floating (not orbiting a central 
star) giant planets. They have been termed as “Orphan 
Planets” and mass of - 

each of them is 

roughly equivalent to 

that of planet Jupiter 

in our solar system. 

They are situated at a 

distance of approxi- 

mately 10,000 to 

20,000 light years 


from Earth. Their 
spotting is difficult 
and possibly there 
may be many more 
yet to be discovered. In fact, it has been estimated that 
these free floating bodies may be more frequent than 
stars. Their discovery will have important implications to 
our current understanding of the formation and evolution 
of the planetary bodies. 


An artist conception of an Orphan 
Planet lonely wandering in the 
darkness of space 


Source:http://science.nasa.gov/science-news/science-at- 
nasa/2011/18may_orphanplanets 
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MRO reveals 
Atmosphere 


remarkable Changes in Martian 


Observations from NASA’s Mars Reconnaissance 
Orbiter (MRO) have indicated that the extent of Martian 
atmosphere changes vividly in response to the variations 
in the axial tilt of the planet. The inference is made on the 
basis of morphological study of a recently discovered 
massive buried dry ice deposit in the vicinity of the South 
Pole by Shallow Subsurface Radar (SHARAD 
instrument. The —- 
deposit has a ‘ " ais. 

volume similar to 
Lake Superior (on 
Earth) and it holds 
up to 80 percent as 
much CO) as 
today's Martian 
atmosphere. It is 
understood __ that, 
with an increase in 
the axial tilt, 
possibly a large 
proportion of 
this CO, enters 
the atmosphere 
and inflate the 
total mass. The 
process may affect the permanence of liquid water 
provided it is present on Mars and may also influence the 
Martian dust storms. 


Source :hitp://www.nasa.gov/mission_pages/MRO/news/mro 
20110421.html 


Color-coded thickness map of the newly 
discovered subsurface dry ice deposit 
derived and extrapolated from 
observations of SHARAD onboard MRO 
(Red ~ 600 m; Yellow ~ 400 m; Dark 
Blue~ up to <100 and tapering to 0. 


Indian lad wins UNESCO Star Race Olympiad 


Siddharth Kalra, a 19-year-old 3™ year mechanical 
engineering student from Sardar Vallabhai National 
Institute of Technology at Surat, Gujarat , won the Global 
space Olympiad on April 21, 2011. The competition was 
arranged to mark the 50" anniversary of the first human 
flight by Yuri Gagarin. Around 50,000 young aspirants 
from different countries participated at this international 
competition organized by p= 

UNESCO, Russian Federal _ 

Space Agency Roscosmos, 

the Russian Center For 

Science and Culture in 

Mumbai, and a _ Russian 

federal government agency 

Rossotrudnichestvo. 


Source:http://www.asianscientist.com/topnews/indian-youth- 
beat-50000-win-unesco-star-race-olympiad/ 
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NASA’s new generation capsule for Human Space 
Visit displayed 


A test module of Spacecraft, 
for carrying humans to deep 
space in the near future has 
been put to public display by 
NASA. This versatile Crew 
Vehicle is a technologically 
modified version based on| 
preexisting Orion capsule. Its 


avionics systems, life support, 
thermal protection and 
propulsion system would 
enable a farther reach for the 
astronauts in the deep space 
and their safe return to Earth. 


Source:http://www.sciencedaily.com/releases/2011/05/110526 
013833.htm 


An image of versatile Crew 
Vehicle of NASA for 
carrying humans to deep 
space in future 


A Close Encounter Just Missed! 


Asteroid 2011MD: Encounter with Earth, June 27, 2011 


On 28™ June 2011, a 25 meter wide asteroid named 
2011 MD flew within 12 thousand kms of Earth. 


Source: hitp://www.pattayadailynews.com/ 


Gale Crater - probable landing site for “Curiosity” 


An exciting 5 km high mound of ancient sediments 
within 150 km wide Gale crater 
(4.6°S 137.2°E) have been 
proposed by scientists as a 
probable landing site for Mars 
Science Lab’s Curiosity rover to 
cater to its key scientific 
objective of studying the past 
habitability of the red planet. The 
area might have been wet 
during its geologic history. The 
target is yet to be finalized by 
NASA Management. Other 
competing sites were 
Eberswalde Crater, Mawrth 
Vallis and Holden crater. 


Source: http:/Awww.nature.com/news/2011/110623/fullmews.2 
011.380.html 


ge 
A black ellipse in Gale 
crater shows the 
recommended landing site 
for Mars Science Lab of 
NASA. 
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Probes of stellar interiors 


If presolar grain is the “film”, the secondary ion mass 
spectrometry is the developer!! - (D. D. Clayton) 


Utopian dreams of yesteryears of landing on other 
planets or their moons still might be plausible in this 
century but travelling into the interiors of the Sun or 
surrounding stars definitely is an unlikely consideration. 
Though, the much hyped science fiction movies like 
‘sunshine (2007)’ might go against this truth and portray 
an imaginative travelogue towards the impression of 
interiors of the Sun. Well, as we all know, twenty first 
century is an era of technology, with machines taking 
over physical power of human and high speed computers 
challenging human brain. Technically, we have reached 
to a level where a part of cosmos can be (in fact, has 
been) brought down to the laboratory, on to the Earth. 
Paring into the cores of stars is, now, not only within 
power of large diameter telescopes but in small diameters 
of the ion beam. 


Raison d'étre being presence of “presolar grains” in some 
of the primitive (unaltered) meteorites! These presolar 
grains (often termed as stardust) predate formation of our 
solar system, and act as ‘cosmochemical detective’, 
narrating story of the stellar interiors when tuned to the 
ion beams. 


In simple words, grains (micron/sub micron 
(micron = 10° m) particles) that form around the 
cooling envelops of stars (remnants of stars) are called 
presolar grains or stardust or circumstellar dust. These 
genuine informers (of their parent star) are 
thrown into the interstellar medium (ISM) 
during some mass loss event and wander in 
ISM for many years. Some of these are able 
to survive through the callous environment 
of ISM and eventually intrude into the 
molecular cloud forming our solar system. 
Solar system is proposed to have formed 
from a molecular gas and dust cloud mix 
whose composition is determined by 
contribution from surrounding stellar sources 
contributing to it during their various 


explosive phases. On a large scale, solar 


system has a homogeneous _ isotopic 
composition. There are few primitive 
meteorites which carry some of these 


Silicon Nitride 


Figure 1. Back Scattered electron images of few presolar grains 


Volume -1, Issue-3, July 2011 


unaltered grains from the original mix. Their 
identification as presolar grains rests on isotopic 
compositions of major and minor elements, which are 
very anomalous compared to the solar composition. The 
large isotopic anomalies observed in these grains cannot 
be explained in terms of chemical or physical processes 
occurring in the solar system and are interpreted as being 
of nuclear origin. Presolar grains, therefore, are 
collection of refractory (high temperature) oxides, 
silicates, carbides and nitrides. Some of the meteorites 
harbor these presolar grains in parts per billion to parts 
per million levels. Analyzing these grains in laboratory is 
synonymous to astronomical observation in some sense 
or can be addressed as ‘indirect astronomy’. An isotopic 
analysis of individual presolar grains using mass 
spectrometer thus does the trick of reaching in to the 
interiors of stars and helps in understanding the various 
reactions involved with the evolution of the star apart 
from understanding the properties and evolution of the 
grain itself. 


Since the first identification of presolar diamonds 
in 1987, various presolar grains identified include SiC, 
graphite, corundum, hibonite, Si;N., spinel and the most 
recent addition being silicates (fig. 1). Separation of these 
small micron sized grains from a meteorite involves a 
lengthy and complicated chemical separation method and 
is usually akin to “burning of haystack to find needle”. 
Chemical separation is a very successful way of 
separating out thousands of grains at a time (of course 
depends on abundance of presolar grains in a meteorite). 


But this procedure is a failure when it comes to presolar 


Silicate grain Spinel grains 
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Figure 2. Nano Secondary Ion Mass Spectrometer at PRL 


silicate grains as silicates dissolve in the very first step of 
dissolution (chemistry). 


Astronomical observations indicate silicates are the main 
dust around most of the stars. But the discovery of 
presolar silicate grains in laboratory came only with the 


Fine grat matrix 
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to their Si, C, N __ isotopic 
compositions, indicate 90% of these 
grains come from low mass stars (1- 
3 solar mass) in their AGB 
(asymptotic gainst branch) phase. 
This has been also confirmed by the 
11.2 micron SiC emission line from 
studies of 
heavier elements like Sr. Mo, Dy, 
Xe, Ba etc in SiC have provided 


such stars. Isotopic 


quite a lot of information related to 
different nuclear processes such as r 
(rapid) and s (slow) neutron 
processes associated with the 
respective stars. Analyses of 
multiple isotopes in a single grain 
constrain the input parameters 
leading to a better understanding of 
the nuclear processes within a stellar object. 


All presolar grains except diamonds are large enough to 
be analyzed individually by current techniques available. 
Earlier work was done on bulk samples using Secondary 
Ion Mass spectrometer (SIMS) or thermal ion mass 


Imaging raster 10x 10)1m* 


Figure 3. Backscatterd secondary electron (BSE) image of Tagish lake meteorite thin section rastered 10 x 10 micron using 
nanoSIMS for oxygen isotopes. Anomaly in oxygen isotopes indicated a presolar grain in one of the rastered images. A 
magnified BSE of the area shows a small (250 micron) presolar silicate grain. 


advent of nanoSIMS (Nano Secondary Ion Mass 
Spectrometer, fig. 2) in the year 2000. 


Isotopic analyses of presolar grains provide an insight to 
the various nuclear processes taking place in the interiors 


of their parent stars. For e.g, SiC, which have been well 
studied presolar grains and well characterized according 


spectrometer (TIMS). Individual grain measurement has 
been recently performed using newer techniques like 
(RIMS) and 


Resonance ion mass 


nanoSIMS. 


spectrometer 


NanoSIMS is a holy grail for researchers studying 
presolar grains. The quintessential capabilities of this 
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instrument is the high spatial resolution of the primary 
ion beam (~ 50nm), multicollection system consisting of 
a set of movable and fixed electron multipliers (five, in 
case of PRL nanoSIMS) and high transmission that is 
almost 30 times that of the conventional ion probe. 
Multicollection along with high transmission ensures 
saving of precious miniscule samples like presolar grains. 


The most recent use of nanoSIMS is in-situ search of 
presolar grains in thin sections of primitive meteorites 
and also in cometary sample (WILD-2 from stardust 
mission), mainly search of silicate grains. Till date 
around 200 presolar silicate grains have been identified 
from ten different meteorites with very low aqueous or 
thermal alterations (mostly type 3.0 meteorites). These 
grains vary in size from 100 nm to around 500 nm which 
makes identification of these grains very difficult. As an 
example, figure 3 shows the thick section of Tagish Lake 
sample with raster images of 10 x 10 micron made by 
nanoSIMS in search for presolar oxide/silicate grains. 
The size of the presolar grain shown in fig. 3 is around 
250 nm. 


Abundance of presolar grains in the meteorites gives an 
idea about the meteorite formation histories, parent body 
processes on presolar grain survival, physical conditions 
in different solar system environments. Of all presolar 
grains, least studied is the recently found silicates due to 
their difficult separation from the meteorite and also due 
to their small size. Main question associated with this 
right now is: What nucleosynthetic signatures they could 
carry within them? Are all the grains constituting the 
protosolar cloud so isotopically dispersed as the presolar 
grains found to date or is it some process in which matter 
synthesized in the last few hundred million year, before 
solar birth, is injected in a roughly homogeneous 


medium?? 
Kuljeet Kaur Marhas 
Physical Research Laboratory cy 
Ahmedabad Veco 
E-Mail: kkmarhas@prl.res.in \ ee 
\ 


Contact: +91-(0)79-2631 4327 
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Radar Remote Sensing: Chandrayaan-1 to 
Chandrayaan-2 


The microwave region of the electromagnetic spectrum 
extends from wavelengths of about 1mm to about Im. In 
general, microwave sensors can be categorised into two 
classes namely active sensors and passive sensors. Active 
microwave sensors provide their own source of radiation 
for illuminating the target. The active sensors are 
generally radars, which are further divided into two 
classes namely imaging and non-imaging. The most 
common form of imaging active microwave Radar is 
called Synthetic Aperture Radar (SAR). Imaging radar 
provides two-dimensional image of the surface, which is 
used for planetary science applications. In Synthetic 
Aperture Radar (SAR) imaging, microwave pulses are 
transmitted by an antenna towards the surface and the 
signal is received in backscattered direction. The strength 
of the backscattered signal is measured to discriminate 
between different targets. This is described by 
backscattering coefficient, which is generally used for 
describing the signature of the target. The time delay 
between the transmitted and reflected signals determines 
the distance of the target. The SAR makes use of the 
radar principle to form an image by utilising the time 
delay of the backscattered signals in range direction, and 
aperture synthesis processing in azimuthal direction. A 


typical SAR image of craters on lunar surface is given in 
Fig. 1 


Very High Backscatter 
due to low local Low Backscatter Backscatter due to 
incidence angle ofthe duetodiffuse roughness of ejecta 


crater wall ee scattering di matter 


Relatively high 


Figure 1. SAR image showing various signals due to craters 


Imaging radar system or SAR is considered to be a 
powerful tool for lunar surface and _ subsurface 
exploration due to their ability to penetrate regolith layer. 
Due to their sensitivity to surface structures, enhanced 
information of various geological structures and 
processes can be derived. Further, because of their ability 
to acquire data independent of illumination conditions, 
many permanently shadowed areas of lunar Polar 
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Regions can be mapped. Such permanently shadowed 
zones are considered to be potential zones of water ice 
deposits. Thus, Synthetic Aperture Radar observations 
give information that is complementary to data obtained 


in the visible, 

infrared, and 

thermal infrared Haworth 
regimes. 

The first orbital 

imaging radar 

known as Mini- 


SAR was flown on 


Chandrayaan- | Figure 2. First Image acquired 


by MiniSAR on Nov. 17, 2008 
(Source: www. nasa.gov) 


mission on Oct. 22, 
2008, with an 
objective to gather data on the scattering properties of 
terrain in the polar regions of the Moon. Additionally, the 
SAR was designed to collect information about the 
scattering properties of the permanently dark areas near 
the lunar poles, which are invisible to normal imaging 


Figure 3. Taylor crater, a damaged formation in the equatorial region of 
moon. One may note clarity of rim structure, which is considered to be 
damaged and also buried under the regolith layer. Such damaged 


formation is not detected in optical data. 

sensors and thereby detect the presence of water ice in 
the permanently shadowed regions on the lunar poles up 
to a depth of a few meters. The Mini SAR sensor 
operates at S-band (2.38 GHz _ frequency) with 
transmission in left circular polarization (LCP) and 
reception in linear horizontal (H) and vertical (V) 
polarizations. The instrument illuminates the surface of 
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Figure 4. Ring structures in Maunder crater are seen 
clearly in Mini SAR image 
the Moon at 35-degree incidence angle with a ground 
range resolution of 150 meter and 18 km range swath. 
Typically, an image strip consisted of approximately 
300 km by 18 km size. Fig. 2 shows the first Mini SAR 
image acquired over Haworth crater on Nov. 17, 2008. 
This crater is permanently shadowed from sunlight. One 
may see a number of craters on the floor of Haworth 
crater, which is the first observation from 
Mini SAR. 
Additionally, due to radar’s ability to 
penetrate the regolith layer, a new insight 
on various structures buried during 
secondary cratering process could also be 
imaged. One of the examples of imaging is 
the ability of seeing the damaged 
formation of crater hidden below the lunar 
regolith which is clearly depicted in Mini 
SAR image (Fig. 3). Ring structures are 
also seen clearly which otherwise cannot 
be seen in an optical image (Fig 4). 
Another most important application of 
Synthetic Aperture Radar is its ability to 
| detect the presence of water ice, as it 
scatters radar energy differently based on 
the difference in the dielectric constant. 
Further, magnitude and _ sense of 
polarization of reflected signal associated 
with water ice is different from other terrain 
feature. Typical planetary surfaces reverse the radar 
polarization during reflection. The ratio of received 
power from same sense (Right circular) to the opposite 
sense (Left Circular), or vice-versa is called radar circular 
polarization ratio (CPR). Most of the Lunar surface has 
low CPR, which is considered to be normal signal lunar 
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Chandrayaan-1 


Chandrayaan-2! | 
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Regolith + Rock Particles 
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Regolith + Ice Particles 
—— Subsurface Ice 
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Figure 7. Angular dependence of CPR VS _ ice 

conditions (Wenzhe Fa, et al, LPSC, 2010). 


0.8 


(C) fresh Craters (©) Anomatous Craters Sdicct eect Sat a are ee 
: : ’ ; ? 
Figure 5. Mosaic of South Pole showing craters with water Th nao aaa abe eee ce na es a a a 
ice (green) and fresh craters in red color. g il: 
radar signal. Some surfaces like ice embedded in regolith Bol. ts a a ae | 
g : =O=— BedRock+Regolith mixed with Rock particles 


or below the regolith also tends to have high CPR, which 
is reflected in polar region. Being under permanent 


=O= BedRock+Regolith mixed with Ice particles 
0.2--- : : : : : : 


shadow, these areas are very cold and water ice is stable oy 


essentially indefinitely. It is hypothesized that volatile 


i i i i 
0 10 20 60 70 80 


material including water ice could be trapped in such low Residence angle daa 
temperature regions. Mini SAR has estimated number of Figure 8. Angular dependence of simulated Radar 
such locations in the lunar polar region. A typical mini polar ice index for delineating regolith under different 


SAR image showing areas of water ice is depicted in Fig. 
5. Targets with high CPR are also characteristics of 
rough surface. Generally, == ; = 


subsurface conditions 
_ The elevated CPR, a key to lunar polar ice detection has 
et ee lee i ‘ certain limitations. The high CPR values can also be 
fan elder enter — : associated with very rough surfaces, such as a rough, 
fo eee _ nea 1 blocky lava flows, which has angles that form many 
fdlenified, aii aiveelicats 0 small corner reflectors. In this case, radar signal could hit 


of CPR 1 31 61 91 121151181211 | 4 rock face (changing LCP into RCP) and then bounce 
; Pixels along Transect over to another rock face (changing the RCP back into 


CPR 


LCP) and hence to the receiver which producing a 
“double-bounce” effect which could mimic the enhanced 
CPR one gets from ice. Thus, elevated CPR can be 
caused by both roughness and buried ice. If a spot is in 
sunlight, it must be surface roughness, but if it is in 
permanent darkness, ice cannot be ruled out. Thus 
geological setting becomes important while identifying 
areas of water ice using single frequency SAR. Further, 
CPR values are also influenced by surface slopes, which 
SAR — Chandrayaan -1 (H intensity image). The effect of always need to be corrected. Fig. 6 shows Mini SAR 
slopes on CPR is also depicted. image draped on DEM derived from TMC. Effect of 


Figure 6. Central Peak of Taylor crater as seen by Mini 
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slopes on CPR is estimated using such 
inputs from other sensor data. These are 
some of the limitations, which should be 
handled in future radar missions. 

In order to identify characteristic radar 
signature of water ice, unique procedures 
are required. One could observe angular 
dependence of CPR for verifying various 
condition of water ice as suggested by Fa 
et. al. (2010) (Fig. 7). Alternately, the 
scattering and polarimetric properties of 
lunar regolith could be studied using dual- 
frequency SAR system for resolving such 
issues. 
frequency 


Initial investigation using dual 
radar system indicates the 
feasibility of separating buried ice from 
buried rock uniquely. Further unique 
signature on the conditions of ice, such as 
ice particles mixed with regolith in deeper 
layer or in the form of an ice slab below the : 
regolith could be difficult from single Figure 9. 
remote sensing parameter. However, dual 
frequency full polarimetric radar would 
have the ability to discriminate such 
conditions. One of the approaches could 
be acquisition of radar image in full polarimetry at 
different angle. This is because of the reason that the 
scattering mechanism of water ice at two frequencies 
would respond differently for a variety of surface ice 
conditions. In a simulation study, lunar regolith layer is 
modeled as homogeneous fine grained layer with rough 
upper surface and lower surface with randomly 
embedded inclusions. A typical simulation result from 
such model for water ice detection using two-frequency 
approach is shown in Fig 8. With deriving a polar ice 
detection index, it seems feasible to separate inclusions 
of ice from rock. From Figs. 7 and 8, we can see that 
angular polarimetry and dual frequency SAR would 
provide a unique method of isolating signature of ice 
under various conditions. Thus a dual frequency SAR at 
L- and S-band is finalized in Chandrayaan-2 mission. 
Further, Chandrayaan-2 SAR would have improved 
resolution varying from 2 to 20 m to address geological 
processes more accurately. A typical SAR image at two 
different resolutions is shown in Fig. 9. The effect of 


resolution is clearly seen in the figure. 
Dual frequency L- and S- band Synthetic Aperture Radar 
(SAR) sensor in Chandrayaan-2 will probe the first few 


Effect of enhanced resolution on detectaility of surface 
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feature: (a ) Mini SAR image near South of Taylor crater with central 
Latitude/longitude - 8°33’28.81” S and 16°1670.34” E, resolution is 150 


m, (b) is showing same area acquired using Mini RF at 15 m resolution 


tens of meters of the lunar surface for the presence of 
different constituents, including water ice. SAR is 
expected to provide further evidence confirming the 
presence of water ice below the permanently shadowed 
regions of the Moon. Further, high resolution mapping of 
large portions of the lunar surface with contiguous, 
systematic dual frequency radar would provide new 
information about geological processes 


Further Reading: 


1) Paul Spudis et al, Geophysical Research letter, vol 37, 2010 
2) Shiv Mohan et al, Current Science (Accepted) 2011 

3) Fa et al, LPSC, 2010 

4) www. nasa.gov 


Shiv Mohan 
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Micrometeorites: Extraterrestrial particulate 
matter on the Earth 


About 40,000 tons of cosmic dust rains on the earth every 
year — this constitutes the sub millimeter extraterrestrial 
material which is released into the inner solar system 
either by collisions between asteroidal material or by 
release from comets during their perihelional passage 
around the sun. This particulate extraterrestrial material 
constitutes 95% of all extraterrestrial matter that is 
attracted by the earth. This forms an important resource 
of solar system material and more importantly, it is 
distributed almost everywhere on earth. Either way, this 
material offers a unique window to understand not only 
early solar system processes, but also the earth crossing 
meteoroid complex. Cosmic dust has been collected 
from various domains such as deep sea sediments, beach 
sands, lithified sedimentary formations, Antarctica ice, 
from the Transantarctic Mountains, Greenland blue water 
lakes and from glacial sediments etc., each of which 
offers advantages which are unique. Perhaps the most 
technologically advanced and ambitious collections so 
far are by the Stardust Mission which captured 
micrograms of material from comet Wild 2. It took seven 
years and a space travel of 4.6 billion km to bring back 
unique samples. The other one is MUSES-C or the 
Hayabusa mission which embarked upon bringing back 
samples from asteroid Itokawa. These two missions offer 
exciting possibilities of sampling from the parent bodies 
directly. They are both seven year missions. While the 
first one delivers materials from a comet, the other from 
an asteroid. 


Earth based collections offer the easiest access to cosmic 
dust. While meteorites are rare, cosmic dust is 
everywhere. dust, 
micrometeorites are normally used interchangeably, 
although by definition cosmic dust is the extraterrestrial 


Cosmic cosmic _ spherules, 


particulate material that is available in the interstellar and 
interplanetary medium; micrometeorites are individual 
particles which were earlier defined as material that has 
arrived on earth unmelted; and cosmic spherules are 
molten and solidified droplets of meteoritic material that 
has undergone melting during atmospheric entry. The 
term micrometeorite is more popular today, because it 


has been recognized that each such particle is a meteorite 
by itself, albeit much smaller in dimension (generally 
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<Imm) than a conventional meteorite. The large 
collection of micrometeorites provides us an opportunity 
to look at a very wide spectrum of solar system materials, 
perhaps much wider than those represented by known 
types of meteorites. Therefore this becomes a very 
important resource of extraterrestrial matter available on 
Earth. 

Cosmic dust collections 

Deep sea 

Nature facilitates micrometeorite collections in several 
environments: the deep sea regions in view of the 
prevalent low sedimentation rates would help 
concentrate cosmic dust. A meter thick layer of sediment 
could contain all the cosmic dust that fell in the spot in a 
million years (which would be in various stages of 
preservation). Deep sea was the preferred location for 
cosmic dust collection during the 1970s and 80s. Some 
of the more modern collections have been from the polar 
regions where the cryogenic conditions ensure better 
preservation of the extraterrestrial particulate matter. 
Several large scale collections were made from the deep 
sea. The ones that stand out are collections made by 
Millard and Finkelman, 1970; Brownlee et al., 1979; 
Murrell, 1980; Blanchard et al., 1980. Some of the more 
recent collections were carried out from the Indian Ocean 
and were investigated under the PLANEX project on 
cosmic dust. A simple magnetic panel was fixed to a 
deep sea dredge which was dragged along the seafloor 
and the material that was attracted to these panels was 
recovered carefully (Fig. 1) (Parashar et al., 2010; 
Rudraswami et al., 2011). All these methods used 
simple magnetic techniques. The underlying principle 
was that the iron in micrometeorites get magnetized 
during atmospheric entry so much so that a hand held 
magnet can perhaps extract most of the cosmic dust from 
any medium. These investigations, complimented by 
simulation studies, established some of the primary 
criteria for identifying the particles as cosmic. From 
these studies it has emerged that there are primarily three 
types of cosmic spherules: (1) the S-type or chondritic : 
these bear a direct resemblance to chondritic meteorites 
in terms of their compositions (Fig. 1a,b,c,d,e,f) (2) the I- 
type : 
metastable mineral formed during the hypervelocity entry 
of the particle into earth under low oxygen fugacity 


which comprise of magnetite and wustite (a 


conditions). The presence of wustite in a spherule was 
suggested as a sure shot evidence of its cosmic origin 
(Fig. 1G). (3) the G-type or the glassy type : comprising 
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of a dendritic network 
of magnetite in an 
glassy matrix and the 
presence of an Fe-Ni 
bead (Fig. 2H). These 


types of 
micrometeorites were 
considered as 
intermediate between 


the S- and the I-types. 
Space borne 
Pioneering work on 


collection of 
interplanetary dust 
particles (IDPs) was 


initiated by Brownlee, 
such collections are 
now routinely carried 
out. During the 1970s, 
aircraft were flown 
with specially designed 
cosmic dust collectors 
mounted on them. The 


Figure 1. 

IDPs collected in the 
A : Schematic diagram of a _ stratosphere (Brownlee, 
sledge dragged along the deep _—_ 98 5) led to the 
sea floor for collection of discovery of the bunch of 
cosmic spherules grapes etructnned 
B : Image of a dredge which brownlee particles’ 


has a magnetic panel fixed which were chondritic 


(not seen in the picture) that porous IDPs recovered 


has___ collected magnetic _in a pristine condition. In 
material from deep sea addition, several other 
sediments of Indian Ocean unique particle types 


were recovered such as 
of a 
the metal mound silicate 
particles, and the FSN 
(Fe, sulfur and Nickel) 
particles and other micrometeorites that make up the 
earth — crossing meteoroid complex. These particles 


C : Photomicrograph 
spherules recovered from the 
above operation 


represent a unique group of extraterrestrial materials 
because they were found to contain some mineral 
assemblages which do not occur in any meteorite class. 
Polar collections 

Since the 1980s, large scale collections have been made 
in the polar regions — both the Arctic (Greenland) and the 
Antarctic. It has been recognized that the freezing 
conditions, and the fast rates of ice formation in the polar 
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regions help preserve some very pristine, delicate 
micrometeoritic material which is not affected largely by 
the rigors of atmospheric entry. The polar collections 
therefore provide scope for collection of extraterrestrial 
particulate matter which can be collected on large scales. 
The largest among these collections are by the 
EUROMET (Maurette et al., 
different collection efforts, a massive quantity (~40,000 
particles) were collected by melting several tens of tons 


1992) where, in two 


of polar ice. 

In these unique collections, in addition to unmelted 
micrometeorites several other hitherto unknown particles 
such as glass spherules, bubbly glass spherules, spherules 
with glass caps, and ones with sulfide coatings were also 
put 
constraints on atmospheric entry heating of 
micrometeorites. If the time of fall of the particles could 


discovered. These collections also valuable 


be well constrained, it was also possible to ascertain the 
absolute flux of particles that survive atmospheric entry. 
Further, (2000) presented a 
classification of the S-type spherules based on their 
structures which were reflective of the degree of 


Taylor et al. sub- 


alteration (heating and melting) experienced by each of 
the spherules during atmospheric entry. 


PARENT BODIES OF MICROMETEORITES 


While collecting material directly from the parent bodies 
are unique, rare and expensive, they offer the possibilities 
of directly looking at early solar system processes such as 
formation and origin of comets themselves, interstellar 
material, and probably the origin of life on earth. It is 
further seen that 87% of the meteorite flux is constituted 
by ordinary chondrites, whereas the parent bodies 
conceived from micrometeorites are reverse i.e, 70% of 
these are assigned carbonaceous chondrite parent bodies 
and only 30% are assigned an ordinary chondrite parent 
body. This might mean several things : since the 
carbonaceous chondrites are more friable they fragment 
much more easily during asteroidal collisions and 
generate more dust size particles. However, in a very 
recent finding it was observed that some of the glassy 
spherules (0.5%; which were previously assigned a 
chondritic parent body) actually have HED meteorites as 
progenitors. Further, the scoriaceous micrometeorites 
(Figure 2a) have compositional heterogeneities at 
micrometer levels which have not been observed in 
carbonaceous chondrites — the most preferred parent 
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bodies of these micrometeorites. Identifying the 
contributing progenitors to the earth crossing meteoroid 
flux is still an evolving area. 

Oxygen isotope investigations: 

Study of oxygen isotopes (specifically A'7O) in 
meteorites is the primary tool for classification of 
meteorites as it reflects the composition of the original 
parent body. Even upon melting and recystallization, 
isotopic composition shift along well defined slope half 
line therefore A'’O remain unchanged. Therefore study 
of oxygen isotope of micrometeorites can be helpful in 
establishing their relation to the known meteorite class. 
Several recent investigations have been undertaken on 
the oxygen isotopes of cosmic dust/micrometeorites. 
Taylor et al. (2005) analysed eight Antarctic 
micrometeorites for oxygen isotopes. Selection of 
particles was carried out based on an earlier classification 
of silicate spherule texture by Taylor et al. (2000). The 
study aimed at identifying the relationship between 
microparticle texture and its degree of heating and also 
the possibility information for the 
identification of possible parent bodies. Yada et al. 
(2005) investigated chemical compositions, in addition to 


of deriving 


oxygen isotopes of 48 stony cosmic spherules, they 
however did not find any identifiable correlations 
between the particle texture and isotopic compositions. 
While the values derived from a majority of the spherules 
implied a carbonaceous chondrite parent body, however, 
oxygen isotopic ratios of one of the spherules showed an 
excess A '’O not observed before in any known 
extraterrestrial material. 


More 
instrumentation analyzed all the different types of 
spherules. These studies further suggested that these 
isotopic analyses would permit estimates of mass loss 
from cosmic spherules, which in turn would help in fine 


recent investigations using sophisticated 


tuning the estimates of particle flux to Earth. In 
addition, Herzog et al. (1999) suggested that most type I 
spherules are atmospherically processed metal grains 
from carbonaceous chondrite-like bodies. Suavet et al. 
(2009) presented an interesting concept that 99% of the 
small micrometeorites (150 -250 wm) have a 
carbonaceous (CM/CR related) /cometary parent bodies, 
whereas their oxygen isotopic investigations on large 
micrometeorites (>500 um) showed that ~30% of these 
particles are related to ordinary and R_ chondrites. 
Further, micrometeorites with similar textures could 
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Figure 2. Polished sections of cosmic spherules from the Indian 
Ocean : A — F are S-type cosmic spherules in the sequence of 
increasing melting and evaporation as classified by Taylor et al. 
(2000). 

A : Scoriaceous micrometeorite with void spaces which were 
occupied by volatiles; B : Relic grain bearing spherule. Large, 
dark colored grains are relic forsterite grains; C : Porphyritic 
micrometeorite with large olivine grains in a matrix of glass; D 
: Barred olivine micrometeorite where lathes of parallelly 
aligned olivine grains are present with interstitial glass and 
magnetite;. E : Cryptocrystalline micrometeorite with minute 
grains of olivine and magnetite; F : Glassy micrometeorite, 
which has experienced maximum heating during atmospheric 
entry where the entire spherule is smooth textured and glassy in 
appearance; G : I-type Micrometeorite with interlocking crystals 
of wustite (grey coloured) and magnetites (dark colored). A rare 
platinum group nugget is seen at the bottom of the spherule; H : 
G-type spherule with dendritic network of magnetite crystals in 
a glassy silicate matrix, this type of spherules also contain an 
Fe-Ni bead. 
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have been derived from different parent bodies. Another 
independent investigation suggested that size does matter 
when one looks at micrometeorites. Distinct chemical 
and mineralogical differences exist between IDPs, 
micrometeorites and meteorites and their components. 
Therefore, the larger micrometeorites or minimeteorites 
should represent transitional components between 
micrometeorites and the larger meteorites. In all the 
above investigations, a majority of the samples showed 
effects of mass-dependent fractionation of oxygen due to 
evaporation especially in the I-type spherules. This in 
itself would provide a window to the understanding of 
the effects of flash melting. 

More importantly, all the above studies also indicated 
an exotic component not observed so far. Some of these 
contrasting conclusions from these investigations point 
towards a possibility that there are gaps in our 
understanding. Therein lies the challenge : is there a 
much larger spectrum of extraterrestrial material than that 
we know from our knowledge of meteorites ? 

One final word : although there has been a_ primary 
division of cosmic spherules into three types, namely, the 
S-, G- and the I-types, Brownlee could not find a 
gradation from the G-type to the other S-type spherules. 
Further, detectable levels of *°Al found in I-type 
spherules suggest that these are primary bodies — which 
contrasts the present understanding that these spherules 
are melt derivatives from chondritic micrometeorites 
during atmospheric entry. And, the micrometer scale of 
inhomogeneity observed in_ scoriaceous (S-type) 
spherules has not been observed in the proposed parent 
bodies, such as CI, CV or CM carbonaceous chondrites. 
Therefore, there are explanations which add to the 
understanding on the origins of these three types of 
spherules. 

Investigations on micrometeorites have been ongoing 
since ~130 years. Brownlee (1985) estimated a million 
micrometeorites in the collections worldwide two and 
half decades ago, the number would of course, be much 
larger today. We seem to have just scratched the 
proverbial tip of the iceberg with many more exciting 
discoveries ahead. 


Further reading : 


1) Blanchard MB, Brownlee DE, Bunch IE, Hodge PW, and 
Kyte FT (1980) Meteoroid ablation spheres from deep sea 
sediments. Earth and Planetary Science Letters, 46 : 178- 
190. 
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2) Brownlee DE (1985) Cosmic dust collection and research. 
Annual Review of Earth and Planetary Sciences, 13:147- 
173. 


3) Genge M. J., Engrand C., Gounelle M., and Taylor S. 2008. 
The classification of micrometeorites. Meteoritics & 
Planetary Science 43:497-515. 


4) Herzog G. F., Xue S., Hall G. S., Nyquist L. E., Shih C. -Y., 
Wiesmann H., and Brownlee D. E. 1999.Isotopic and 
elemental composition of iron, nickel, and chromium in 
type I deep-sea spherules: implications for origin and 
composition of the parent micrometeoroids. Geochimica et 
Cosmochimica Acta 63: 1443-1457. 


5) Love SG and Brownlee DE (1993) A direct measurement of 
the terrestrial mass accretion rate of cosmic dust. Science, 
256 : 550-553. 


6) Maurette M., Olinger C., Michel-Levy Ch.M., Kurat G., 
Purchet M., Brandstatter F., and Bourot-Denise M. (1991) 
A collection of diverse micrometeorites recovered from 100 
tonnes of Antarctic blue ice. Nature, 351 : 44-47. 


7) Parashar K., M. Shyam Prasad M. and Chauhan 
S.S.S.(2010) Investigations on a Large Collection of 
Cosmic Dust From the Central Indian Ocean. Earth Moon 
Planets (2010) 107:197-217.DOI 10.1007/s11038-010- 
9362-3 


8) Rudraswami N.G., Parashar K. and Shyam Prasad M. 
(2011),Micrometer- and nanometer-sized platinum group 
nuggets in micrometeorites from deep-sea sediments of the 


Indian Ocean.Meteoritics & Planetary Science 46, Nr 3, 
470-491 (2011),doi: 10.1111/j.1945-5100.2011.01169.x 


9) C.Suavet , A. Alexandre , I. A. Franchi , J. Gattacceca , C. 
Sonzogni, R. C. Greenwood, L. Folco, P. Rochette (2010) 
Identification of the parent bodies of micrometeorites with 
high-precision oxygen isotope ratios. Earth and Planetary 
Science Letters, 293; 313-320 
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Laser Induced Breakdown Spectrometer 
(LIBS) For Chandrayaan-2 Rover 


Introduction: One of the fundamental pieces of 
information about any planetary body is the elemental 
composition of its surface materials. For in-situ analysis, 
such an exploration depends on efficient landers and 
rovers to carry highly specialized instruments to the 
surface of planetary bodies. Our natural satellite, the 
Moon, over centuries has been an enthralling scientific 
aspiration and has aroused a boundless curiosity much 
more than any other object in the sky. Understanding the 
Moon provides a pathway to unravel the early evolution 
of the solar system and that of our home planet, Earth. A 
precise Moon-elemental mapping demands a 
sophisticated and simple technique which will be 
element-specific and  element-sensitive. 
Though the conventional techniques for 


PLASMA 


planetary surface exploration such as APXS 


(Alpha-Proton X-ray Spectrometer) and lat 


Collection 
Optics 
— 


XRF (X- Ray Fluorescence) etc. are proven 
and developed, they have some significant 
limitations in terms of the amount of data 
that can be collected during the limited 
operational lifetime of the rover and also the 
requirement of the detector to be in contact 

with the sample (within few centimeters) for the 
analysis. Due to these limitations, to complement the 
output data of these techniques there is an absolute 


EMISSION & 
DETECTION 
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team at Laboratory for Electro-Optics Systems (LEOS) is 
currently realizing the development of a ‘Miniature Laser 
Induced Breakdown Spectroscope-(mini-LIBS)’ 
instrument to be flown on Chandrayaan-2 rover, suiting 
the constraints imposed by the mission. A flight in-situ 
LIBS instrument is expected to be < 1.0 kg and consume 
< SW power. 
Science Objectives: 
Instrument are: 
1. Qualitative and Quantitative elemental analysis 
of solids such as Soil, Rock and Ice to infer their 
composition to further our 
understanding of lunar-surface composition. 
2. Technology demonstration of LIBS for planetary 


Primary objectives of the 


elemental 


surface exploration. 
Context Science 


PROCESSING UNIT 


| CCDSIGNAL PROCESSOR 


Timing Logic & | 
Control Signal | 
| Electronics 


| (FPGA) 


Rover 
Interface 
Electronics 


| Tele-command | 
| Telemetry | 
Data-handling 


Spectrograph 


Laser Drive 
Electronics 


ABLATION 
UNIT 


necessity of a technique that could 
overcome all the above-mentioned 
constraints. LIBS in recent times, has proved to be a 
powerful laser-based analytical technique for in-situ 
detection of geological samples, owing to its simplicity 
and versatility. Specifically, the technique has following 
advantages: 
a. No/minimal sample preparation 
b. Rapid and real time analysis. 
c. Point detection capability 
d. Simultaneous multi-elemental analysis (from low 
Z to high Z) 
e. Elemental composition of dust—covered rocks 
and samples 
f. Suitable for combination with other spectroscopy 
techniques (like Raman, LIMS etc.) 
Existing LIBS instruments are not compact enough to be 
utilized for planetary surface exploration. In order to 


perform in-situ elemental analyses on lunar surface, our 


Figure 1 Typical block diagram of the conceptualized LIBS instrument 


i. Soil and pebble composition surveys. 

ii. Analysis of weathering and depositional coatings 
or rinds on rocks by observing changes in spectra 
with depth. 

Working Principle: LIBS instrument works by utilizing 
pulse as the vaporization, 
atomization, and excitation source to create a high- 


a high-energy laser 
temperature micro-plasma at the surface of the target. 
The elements contained in the sample are vaporized and 
excited in the hot plasma and emanate their respective 
transition wavelengths during their decay. The light thus 
emitted is collected and diverted to a highly sensitive 
dispersive detection system. The resultant LIBS spectrum 
contains information describing the elemental 
composition of the target. Wavelength of the emission 
line is used to identify the existence of the elements and 
the background-subtracted peak intensity at the chosen 
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emission line is used to quantify the elemental 
composition of the target. 

Description: The basic components of any LIBS system 
are similar but their specifications are tailored to at 
particular application. Fig. 1 shows the typical block 
diagram of the conceptualized LIBS instrument. As 
shown in the figure it consists of primarily 3 units. 7) 
Ablation Unit (AU): It consists of a laser source and 
focusing optics system. This unit serves the purpose of 
surface ablation and plasma generation. 2) Plasma 
Emission Detection Unit (PEDU) that includes 
collection optics unit (to collect the resultant emission 
from the decaying plasma) with a high resolution, high 
sensitive dispersive element and a detector (for spectral 
acquisition). 3) Processing Unit (PU) that includes 
FPGA based electronic cards to process the plasma 
signals in micro-second levels. These three units will be 
interfaced to rover to execute on-board operations. Table 
1 presented below lists the specifications of the 
instrument. 


Table 1; List of Instrument Parameters 


Specification Value (SI Units) 
Size 180 mm x 150 mm x 80 mm 


Power Total Consumption ~4 W 


Laser Transmitter 1.54 um, 7 ns, < 1 MW peak 
power, 1-5 Hz PRF 


Coupling Optics 


Lens Coupled Mechanism 
3-lens system 
<40 um 


Focusing Optics 
1) Spot size 
Collection Optics 
il) F# 22 
iii) FOV + 14° 
Detection Assembly | Flat-field Holographic Grating 
based Spectrometer 


190 = 800 nm 


Design and Realization Aspects: Space environment 
being harsh and _ hands-off-free, the design and 
development choices of the instrument were tightly 
constrained from the outset, principally by schedule, 
space-craft mass and power budgets and _ rover 
accommodation. The major challenges to be met for 
LIBS instrument development are: lunar surface 
temperatures that may range from - 60 °C to - 90 °C, 
depending on landing latitude (close to lunar poles) and 
season, a planned operational lifetime of 6 months, a 
volume equivalent to that of 180 mm x 150 mm x 80 
mm, weight of <l kg, energy consumption < 5W, 
storage temperatures of -60 °C to +70 °C and operating 
temperatures of -10 °C to + 60 °C. Such are the stringent 
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constraints the instrument must meet, raising many 
technical challenges, pushing current know-how to its 
limits. These stringent space mission requirements call 
for the development of a lightweight LIBS instrument. 
Fig.2 shows the CAD model of the LIBS prototype 
instrument (meeting all the above explained restrains) 
that is under realization. 


Realization of LIBS instrument as a payload involves 


Figure 2. 3D-CAD model of LIBS prototype instrument 


development of various modules as fore-mentioned. 
Laser: The class of laser source being used for LIBS 
payload is Er: Glass (Erbium Glass) laser of average 
energy 2.5mJ and pulse duration of 7 ns. This laser offers 
compactness as well as low weight. The peak power 
being < | MW, with a moderate focusing of laser pulse 
one can achieve desired power density required to 
generate plasma. 

Focusing and Collection Optics : The FOU (Focusing 
Optics Unit) optimized as per the theoretical analysis is a 
3-lens system that can focus the laser to a spot size of < 
40 um so as to cause the ablation of all elements of 
interest. The conceptualized COU (Collection Optics 
Unit) is a single lens system, followed by 2- fold mirror 
geometry with F# 2.2 and FOV of + 14°. 

Spectrograph: LIBS proto-model comprises of an 
indigenously developed spectrograph basing on flat-field 
reflective (concave) aberration corrected holographic 
grating configuration. The wavelength range of detection 
is 190-800 nm with a resolution of <1 nm. Such type of 
grating combines optical imaging and diffraction into one 
device. The selected detector to capture microsecond 
plasma events is a 2048 element linear CCD with a pixel 
size of 14 um x 200 um. This detector supports to 
process the data as per the instructions given by the 
Processing Unit (PU). 

Experimental Studies: To demonstrate the feasibility of 
LIBS for in situ analysis of lunar soils and rocks, a 
laboratory setup made with commercial components was 
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= Experiments were also. carried out employing 
Sample: Lunar Soil spectrograph of 0.1 nm resolution and further the 
aberration corrected holographic grating being utilized 
for LIBS prototype model was characterized using 
— | Fairchild CCD detector circuit and the read out 
electronics. 
"| Conclusion: Laser-induced spectroscopy technique has 
: cr opened a new door for simultaneous multi-elemental 
detection and has revolutionized the area of on-line 
oy ip Fel Ti} Na i 2 analysis technologies by rapid material characterization. 
il / Our present study clearly reveals that LIBS technique can 
be utilized for elemental analyses of planetary surfaces. 
Theoretical modeling, ablation dynamics estimations and 
experiments under vacuum conditions have further 
assured the LIBS suitability. 


Simulant-ISC-1A(Pellet) 
| 


Further Reading: 

1)LaxmiprasadA.5S. et al. [AC-10.A3.2A.4, 61st International 

Astronautical Congress (IAC) (2010) 

used to determine the specific characteristics of the laser, 2) A. K. Knight, N. L. Scherbarth, D. A. Cremers, and M. J. 
the optical components, and the detection system that Ferris, Appl. Spectrosc. 54, 331 (2000). 
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Figure 3. LIBS spectra of lunar soil simulant (JSC-1A) 
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After an adventurous voyage 
to comet Temple 1 by 
STARDUST NExT, a new 
mission of NASA’s 
Discovery program, DAWN, 
is on its way to explore 
uncharted worlds of Vesta 
and Ceres; two important | 


bodies in the main asteroid 
belt. DAWN was launched on 


Sept. 27, 2007, and now is in — DAWN Spacecraft 


its final approach towards 
Vesta. Dawn is expected to achieve orbit around Vesta 
on July 16, 2011 and spend a span of next two years at 
the protoplanet after which it will cruise to explore Ceres 
and reach there around 2015. Scientists believe that Vesta 
and Ceres are the two largest 
protoplanets that were accreted 
early during the solar system 
formation. These two bodies 
have remained intact in the 
asteroidal belt surviving the 
large collissional history of the 
Thus, 
detailed investigations of these planetary bodies will help 
us in understanding their evolutionary phases, which in 


early solar system. 


turn provide an insight to the processes that would have 
prevailed at the initial eon of solar system. Ceres is a 
dwarf planet with a primitive surface containing water 
bearing minerals and is surrounded by very weak 
atmosphere and frost whereas Vesta is a dry 
differentiated body with lava flows, possibly possessing 
early magma ocean. Both these bodies show very 
different evolutionary processes contrary to the 
conventional expectation based on their size, even 
though their distance from the sun is not very different. 
The primary goal of this mission is to unravel the dawn 
of early solar system by means of detailed geophysical 
investigations of Vesta and Ceres. These studies include 
imaging in panchromatic and multispectral bands, 
spectrometry and gravimetry. 
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Key Spacecraft Characteristics: 

The DAWN spacecraft utilizes an incredible combination 
of instrumentation with mission heritage and off-the- 
shelf components with state-of-art technology. The 
spacecraft structure is made out of graphite composite 
cylinder and measures 2.36 metres across with 19.7 
metres wide solar arrays. The communication to the 
ground station is primarily by means of a 1.52m high 
gain antenna. One of the key aspects of the mission is the 
use of ion propulsion system. Compared to chemical fuel, 
ion propulsion system provides a higher thrust helping 
the spacecraft in attaining greater velocities for transit 
and achieving required orbital trajectories with much 
smaller engines. 

Onboard Science Instruments: 

Framing Camera (Fig a): Designed for optical imaging 


for scientific as well as navigation purposes. Helps in 
creating global topography and derive various 
characteristics such as asteroid size, shape and geo- 
morphology. The instrument’s capability of imaging in 
specific wavelengths helps to identify rock types. 

Visible and Infrared Spectrometer (VIR) (Fig b): It is 
a multispectral imaging spectrometer for deriving surface 
mineralogy. It operates from 0.3-5um band with an 
onboard calibration. 

GRaND (Fig c): GRaND is a Gamma ray and Neutron 
Detector designed for measurement of major rock 
forming elements on the surface. Neutron detector helps 
in deriving Hydrogen concentrations helpful in inferring 
the presence of water. 

Gravity Science (Fig d): This experiment helps to 
determine the spacecraft orbit that helps in deriving the 
gravity fields of Vesta and Ceres. 


, A: Unprocessed image of Vesta 
taken on May 3, 2011, B: Processed 
image of May 3, 2011 to show the 
true size of the asteroid; C: Image 
taken on June 14, 2011 from a 

2,65,000 

kilometres; D: Image obtained on 

June 20,2011. (Source: NASA/JPL) 


distance of around 
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Cassini Plasma Spectrometer operations on hold 


The operations of the Cassini Plasma Spectrometer 
were halted because of series of shifts observed in 
the spacecraft voltage. However, science or 


navigation operations continue undisturbed. Normal 
operations will resume when the proper cause for the 
shifts in voltage is fully known. 


Cassini encounters with another Saturn’s Moon, 
Helene 


After Titan, NASA's Cassini spacecraft has 
completed its second successful encounter with 
Saturn's icy moon Helene on June 18, 2011 at a 
closest distance of 6,968 kilometres. Cassini passed 
from Helene's night side to its sunlit side capturing 
images of the region that was only illuminated by 
sunlight reflected off Saturn during the last 
encounter in March 2010. 


Dawn Reaches Vesta Milestone, captures images 
and videos on approach 


Dawn Spacecraft started its approach phase to 
asteroid Vesta and expected to achieve its orbit on 
July 16. Scientists have created a new video of 
Vesta which shows that the surface details resolve as 
the spacecraft approaches the asteroid. The video 
shows a dark feature near Vesta's equator moving 
from left to right across the field of view as Vesta 
rotates. Images also show Vesta's jagged, irregular 
shape, hinting at the enormous crater known to exist 
at Vesta's south pole. 


Juno at final phase of testing 


NASA's Juno spacecraft has completed its longest 
thermo-vac testing on March 13, 2011. Earlier, 
Juno’s Solar Panels have completed pre-flight 
testing at the Astrotech payload processing facility 
in Titusville, Fla. Juno will orbit Jupiter's poles 30 
times to know about its origin, structure, atmosphere 
and magnetosphere. 


Spirit’s mission ended and Opportunity heads 
towards 'Spirit Point' 


One of the NASA’s twin robo-geologists, Spirit, has 
ended its operations on Mars. The last 
communication with Spirit was established on 
March 22, 2011, later nothing could be heard from 
the rover. The operations of Spirit were officially 
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ended after a series of recovery attempts to 
communicate with the rover failed. Spirit was 
successful in operating for more than 6 years on the 
red planet and spanning 7.73 kilometres making 
significant discoveries. Meanwhile, the rover twin, 
Opportunity is still operating and now heading 
towards a point called “Spirit Point” at the rim of the 
Endeavour crater. 


MSL Rover, Curiosity, nears completion 


Curiosity is undergoing its final test and has reached 
to NASA's Kennedy Space Center, Florida, on June 
22, 2011, for preparations to launch between Nov. 
25 and Dec. 18, 2011. This mission will land 
Curiosity on Mars in August 2012. 


Excitements and surprises from MESSENGER 


NASA’s MESSENGER spacecraft has completed 3 
months orbiting Mercury, beaming back intriguing 
images of the planet’s surface mapped in an 
unprecedented detail and providing key clues about 
the planet’s origin and its geological history. The X- 
Ray Spectrometer (XRS) onboard the spacecraft has 
made significant discoveries and also revealed the 
presence of sulphur at the planet’s surface in 
substantial amounts. 


Chang’E 2 completes prime mission and heads to 
outer space 


Chinese Chang’E 2 completes its primary mission of 
scouting the Moon and now heading on an 
ambitious journey to the Sun-Earth L2 point, which 
is about 1.5 million kilometers away. It will take 
about 85 days for Chang'E 2 to arrive there, which 
puts it at the beginning of September. 


Our nearest neighbor mapped as never before 


Seven instruments onboard Lunar Reconnaissance 
Orbiter (LRO) have provided a treasure of data 
putting forward completely a different view of the 
Moon. The exploration phase of the mission has so 
far delivered a wealth of 192 Tb in the form of data, 
images and maps. These datasets have completely 
changed our perception of the Moon. As an 
example, precise and comprehensive topographic 
views of the Moon as never before were provided 
by Lunar Orbiter Laser Altimeter (LOLA). Diviner 
and LAMP mapped the many surprises in never seen 
permanently shadowed regions of the Moon. 
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Brainstorming Session on Mars Science and Exploration 


After successfully reaching the Moon through Chandrayaan-1 mission, the next extraterrestrial destination on ISRO’s 
road map of Planetary Exploration could be the red planet Mars. Recently, PLANEX has organized a brain storming 
session on Mars Science and Exploration to discuss various aspects such as science goals and mission scenarios with 
existing and upcoming launch facilities of ISRO. The session was held during March 24-25, 2011, at Physical 
Research Laboratory, Ahmedabad. 


This session served as an initial platform for the 

scientists and students of our country to fuel up 

their ideas, proposals and plans to contribute to the 

envisioned MOS Jueslon. ae two day event \ Ml i, x wl 3 “4 a ee iG fos; 
explored the possibilities at various levels. About ¥ Oy 
150 participants from various backgrounds of A 
sciences and engineering, from students (master’s 

and doctoral) to renowned scientists attended the 

meeting. These include most of the members of 

“Mars Mission Study Team” which has been 

entrusted with the task of preparing possible Mars 

science and mission scenarios for ISRO. 


Around 60 abstracts were presented under poster / oral category during six different sessions. These sessions were 
organized in four themes viz. Laboratory studies of Analogues, Atmospheric studies through Remote Sensing, Surface 
studies through Remote Sensing and Payloads for Mars Mission. A general discussion took place towards the end of 
each session. 


Each session had invited lectures and contributory 
presentations on a variety of exciting issues such as 
possible testing sites for the mission to search for life 
on Mars, Mars atmosphere: Present understanding 
etc. One of the sessions had deliberations about 
possible sites for Martian analogue studies where 
participants discussed suitable sites in India for 
carrying out the experiments. Other sessions dealt 
with Martian atmospheric studies using remote 
sensing as a tool and studying surface science 
through remote sensing. The last session focused on 
payload proposals for Mars orbiter. 


Towards the end, there was a Panel Discussion highlighting the major outcomes of the two day deliberations carried 
out under different categories which put forward many interesting ideas and queries calling up to plan further course of 
actions. A fair amount of new ideas related to Mars specific research have emerged during this meeting paving a way 
towards a fruitful future of Indian Mars exploration endeavor. 
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GROUP PHOTO -— Participants of Brainstorming Session on Mars Science and Exploration (MBSS) 
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> The LPI-JSC Center for Lunar Science and Exploration has announced a student field camp On Meteor Crater being 
organised by NASA Lunar Science Institute. The Field Training and Research Program at Meteor Crater is designed 
to train new generation of explorers for the Moon and beyond. This camp will be held from Sept. 25- Oct. 1, 2011 
and limited to 16 Participants. Last date of application is July 15, 2011. For details visit 
http://www.lpi.usra.edu/nlsi/mcFieldCamp/?view=program. 


Abstracts are invited for workshop on “Mars Recent Climate Change” being conducted by NASA Ames Research 
Centre during Nov. 15-17, 2011. The aim of the workshop is to bring together geologists and climate scientists to 
assess the reasons for recent climatic changes on Mars. The deadline for submission of the abstract is Sept. 14, 2011. 
For more details, please visit: http://spacescience.arc.nasa.gov/mars-climate-workshop-201 1/index.html. 


Space dynamics laboratory of Utah State University is organising a four day conference on “Characterization and 
Radiometric Calibration for Remote Sensing’ from Aug. 29 to Sept. 1, 2011 at Eccles Conference Center on the 
Utah State University campus, Logan, Utah. The last day for registrations is Aug. 22, 2011. For registration and 
other details, visit : http://(www.spacedynamics.org/conferences/calcon/ 


A joint workshop on “Formation of the first solids in the solar system” is being hosted at Sheraton Kauai Resort, 
Koloa, Hawaii during Nov. 7-9, 2011. The interdisciplinary workshop is focused on issues crucial in deciphering the 
meteorite record of the early solar system. Abstracts are due on Aug. 22, 2011. For further details, please visit: 
http://www. lpi.usra.edu/meetings/solids201 1/. 


“The First Kepler Science Conference” is announced to be organised during Dec. 5-9, 2011 highlight the scientific 
results of the mission. Interested ones can get further details at: 
http://kepler.nasa.gov/Science/ForScientists/keplerconference/?CFID=6060716&CFTOKEN=48632083 


“Workshop on Biologically inspired computing (WBIC-2011)” is being organised by Deptt. Of Mathematics, IST, 
Thiruvananthapuram during July 4-7, 2011. The targets participants are Scientist / Engineers from ISRO/DOS & 
M.Tech & Ph.D students of IST. Last date for registration is July 1, 2011. For further details, visit: 
http://www. iist.ac.in/list-news/workshop-on-biologically-inspired-computing-wbic-.html. 


National Remote Sensing Centre (NRSC), Hyderabad invites application for post of Scientist/Engineer-SC under 
various disciplines. Applicants can apply online between June 15, 2011—July 5, 2011. For details: 
http://www.nrsc.gov.in/careers/NRSC.Advt.02.2011.pdf 


NRSC, Hyderabad is conducting a 4 week course on “Introduction to GIS & Applications” from Sept. 5- Sept. 30, 
2011. This course covers basics of GIS, Data Models, Spatial Analysis, Concepts of web GIS with hands-on 
sessions. The last date of application is Aug. 5, 2011. For _ details visit 
http://www.nrsc.gov.in/trg/Training@NRSC.htm 
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Sir Chandrasekhara Venkata Raman 
~ (7 November 1888 — 21 November 1970) 


C. V. Raman, the first Asian Nobel Laureate was born on 7" November 1888 in Thiruchinapalli, 
Tamil Nadu (INDIA). Being the second amongst eight children of Sri Chandrasekhara Iyer (A 
lecturer of mathematics and physics in AVN Rao College, Andhra Pradesh) and Parvathi Ammal, 
Raman passed his matriculation exam at an early age of 11. Raman received a scholarship when 

a he was 13, and joined the Presidency College of Madras. Within two years, Raman received a BA 
degree from Presidency, and achieved gold medals for Physics and English. Raman published his first research paper 


in Philosophical Magazine, which was one of the most prestigious scientific journals at that time. In 1907, Raman 
completed his MA with the highest distinction. 


In 1917, Raman resigned from his government service as an Assistant Accountant General, and joined the University 
of Calcutta at the position of Sir Taraknath Palit Professorship of Physics. At the same time Raman was doing his 
research at the “Indian Association for the Cultivation of Science’. During the experiments on the scattering of light, 
on 28" February, 1928, Raman discovered the phenomenon known after his name as ‘Raman Effect’. In this 
experiment, he found that when light is scattered inelastically in liquid, the scattered light has different frequency in 
comparison to the incident light. The Raman effect can be used to study the molecular structure of liquids. Later, it 
was found that the effect was valid for solids and gases as well and thus it provided a powerful means for mineral 
characterization. Raman spectroscopy can thus be used for obtaining mineralogical and structural information, and the 
crystalline (ordered or disordered) state of Earth and Planetary materials. For this discovery, he was awarded the 
“NOBEL PRIZE” in Physics in the year 1930. 


C.V. Raman expressed this honor in his words— 

“When the Nobel award was announced I saw it as a personal triumph, an achievement for me and my collaborators 
— a recognition for a very remarkable discovery, for reaching the goal I had pursued for 7 years. But when I sat in 
that crowded hall and I saw the sea of western faces surrounding me, and I, the only Indian, in my turban and closed 
coat, it dawned on me that I was really representing my people and my country............” 


Raman had interests in the various fields of science such as Astronomy, Physiology, Meteorology and much more. He 
had published around 475 research papers. Raman established the Indian Academy of Sciences, Bangalore in 1934. 
The Raman Research Institute was founded by Raman in 1948. 


C.V. Raman was a great scientist. He devoted his entire life for Science. He always believed in excellence. He loved 
children and he was very much keen to teach them. He was awarded the Bharat Ratna in 1954. On 21‘ November, 
1970, Raman died at the age of eighty two, causing an incurable loss to the scientific community all over the world. 
National Science Day is celebrated in India on 28" February of every year to commemorate the discovery of the 
Raman effect in 1928. 
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